A Gram-stain-negative, non-spore-forming, rod-shaped and non-motile bacterium, designated strain xz20 T , was isolated from the wastewater of a municipal wastewater treatment plant in Xuzhou, China. The taxonomic status of strain xz20 T was determined using a polyphasic approach. Growth occurred at 15-40 C (optimum, 25-37 C), at pH 6.0-8.5 (optimum, pH 7.0) and with 0-3 % (w/v) NaCl (optimum, 1-2 %). 16S rRNA gene sequence analysis revealed that strain xz20
The genus Flavobacterium was proposed by Bergey et al. [1] and the description later emended by Bernardet et al. [2] . At the time of writing, members of the genus Flavobacterium have been isolated from a wide range of habitats such as soil, freshwater, seawater, wastewater, sediment, beaked whales, activated sludge, micromats, rhizosphere of soybean, marine algae, maize and root of Suaeda corniculata [3] [4] [5] [6] [7] [8] [9] . They are Gram-negative, aerobic, rod-shaped, nonspore-forming, yellow-pigmented and contain menaquinone-6 (MK-6) as the major respiratory quinone [3] . Activated sludge methods have been used to remove organic compounds in municipal wastewater. Therefore, our efforts were devoted to isolate and characterize members of the bacterial community in activated sludge in order to understand the mechanisms involved. Here we describe the taxonomic characterization of a novel species belonging to the genus Flavobacterium that may play an important part in wastewater treatment.
Strain xz20
T was isolated from a sample of wastewater collected from the municipal wastewater treatment plant in Xuzhou, Jiangsu Province, China. The taxonomic status of this strain was determined using a polyphasic approach. To investigate its morphological features, strain xz20
T was grown on Luria-Bertani (LB) medium at 30 C. Cell morphology was examined by light microscopy (YS-2; Nikon) and transmission electron microscopy (H7650; Hitachi) using cells grown on LB agar for 1 day. Gram-staining was determined according to the method described by Gerhardt et al. [10] . The motility of cells was tested by the hangingdrop method [11] ). Growth in the presence of 0-5 % (w/v) NaCl, at pH 4-10 (intervals of 0.5 pH units) and at 10, 15, 20, 25, 30, 35, 37, 40 and 42 C was tested in LB broth after 1 day of incubation. Oxidase and catalase activities were determined according to the methods of Dong and Cai [12] . Production of flexirubin-type pigments, gliding motility and adsorption of Congo red were assessed according to the methods of Bernardet et al. [11] . Briefly, colonies having a flexirubin type of pigment exhibit an immediate colour shift from yellow or orange to red, purple or brown when flooded with 20 % KOH, and revert to their initial colour after flooding with an acidic solution. For the test of gliding motility, a drop was deposited on the cover slip then which should be turned upside down and placed on tiny stands on a glass slide, and bacteria were then observed through the cover slip. For Congo red adsorption, some colonies were flooded on the agar with a few drops of a 0.01% aqueous solution of the dye for 2 min, the dye was gently rinsed with water and the colour of these colonies was compared with those that had not been flooded. Other physiological characteristics were tested with the API 20NE, API ZYM and API 50CH (bioM erieux) systems in line with the manufacturer's instructions.
Colonies on LB agar were pale yellow, convex and circular with entire margins. Cells were rod-shaped, Gram-stainnegative, non-spore-forming and non-motile, approximately 0.4-0.6Â1.3-1.7 µm in size. The physiological and biochemical characteristics of strain xz20
T are given in the species description and Table 1 .
Extraction and purification of genomic DNA were carried out according to the methods of Gupta et al. [13] . The 16S rRNA gene of strain xz20
T was amplified with a bacterial universal primer set (27F and 1492R) and PCR procedures were similar to those described by Suzuki and Yamasato [14] . The PCR product was obtained via an AxyPrep PCR Purification kit (Axygen) and ligated into the vector pMD18-T simple (TaKaRa Biotechnology) and then transformed into Escherichia coli DH5a. An automatic sequencer (Applied Biosystem model 3730) was used to sequence the 16S rRNA gene. Sequence similarity searches were implemented at the EzTaxon-e server (http://www.ezbiocloud.net/; [15] ). Phylogenetic trees were reconstructed based on the neighbour-joining, maximum-likelihood and minimum-evolution methods using the MEGA6 program [16] after multiple alignment of the data using CLUSTAL_X [17] , with bootstrap values based on 1000 replications [18] . Evolutionary distances were calculated using the method of Jukes and Cantor [19] .
A nearly full-length 16S rRNA gene sequence (1479 bp) was acquired from strain xz20
T . Three kinds of phylogenetic trees were reconstructed with other members of the family Flavobacteriaceae. The phylogenetic tree ( Fig. 1 ) based on the neighbour-joining algorithm illustrated that strain xz20 T belonged to the genus Flavobacterium and shared the highest similarity with Flavobacterium dongtanense LW30 T (95.85 %) [20] and Flavobacterium haoranii LQY-7 T (95.20 %) [21] and formed a subclade with F. dongtanense LW30
T . Similar results were also found in the maximumlikelihood and minimum-evolution trees (Figs S1 and S2, available in the online Supplementary Material).
For quantitative analysis of whole-cell fatty acids, strain xz20
T and the two reference strains F. dongtanense LW30 T and F. haoranii LQY-7 T were cultivated on tripticase soy agar (TSA) at 30
C for 48 h. The cells were collected and analysis of fatty acid methyl esters was conducted according to the manufacturer's instructions (Sherlock Microbial Identification System; MIDI) [22] . Respiratory quinones of strain xz20
T were extracted from dried cells by using the method of Collins et al. [23] and separated by HPLC [24] . The G+C content of the genomic DNA was determined from the genome sequence. The genome of strain xz20
T was sequenced by Majorbio Bio-pharm Technology using an Illumina MiSeq system. Polar lipids of strain xz20
T were extracted and analysed by two-dimensional TLC, as described by Tindall [25] ; 10 % ethanolic molybdophosphoric acid was used for the detection of total polar lipids.
The G+C content of strain xz20 T was 32.9 mol%, which was in accordance with the range of 30-42 mol% reported for other members of the genus Flavobacterium [3] . The quinone system of strain xz20
T was composed of MK-5 (7.6 %) and MK-6 (92.4 %), in agreement with the members of the family Flavobacteriaceae. Strain xz20
T contained phosphatidylethanolamine as the major polar lipid and several unidentified aminolipids and lipids (Fig. 2) . The cellular fatty acid profiles of strain xz20
T and related species are given in Table 2 . The major fatty acids (>5 %) of strain xz20
T were iso-C 15 : 0 (46.6 %), iso-C 15 : 1 G (20.5 %) and summed feature 9 (iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl; 8.2 %). The fatty acid profile of strain xz20
T was very similar to those of the two reference strains grown under the same conditions except for small qualitative and quantitative differences of some fatty acids ( Table 2 ).
The fatty acid composition, major menaquinone, polar lipids and G+C content of strain xz20
T were in accordance with closely related members of the genus Flavobacterium except for some minor differences. Therefore, on the basis of the phenotypic, phylogenetic and chemotaxonomic characteristics, strain xz20
T is classified as representing a novel species belonging to the genus Flavobacterium, for which the name Flavobacterium luticocti is proposed. T ; 3, F. dongtanense LW30 T . All data are from this study except those for the DNA G+C content of F. haoranii LQY-7 T and F. dongtanense LW30 T which were taken from Zhang et al. [21] and Xiao et al. [20] . The DNA G+C content of the three strains was determined by different methods: strain xz20 by the genome sequence method, F. haoranii LQY-7
T by the thermal denaturation method and F. dongtanense LW30
T by the fluorescence monitoring method. +, Positive; À, negative; W, weakly positive. 
Flavobacterium luticocti (L. neut. n. lutum mud, sludge; L. part. adj. coctus -a -um digested; N.L. gen. n. luticocti of digested sludge).
Cells are Gram-stain-negative, non-motile, non-spore-forming, short rods, 0.4-0.6 µm in width and 1.3-1.7 µm in length (Fig. S3) . Congo red is not absorbed and flexirubin-type pigments are not produced. Colonies on LB agar are pale yellow, convex and circular with entire margins. Good growth occurs on LB agar and TSA, while weak growth occurs on R2A agar. Grows at 15-40 C (optimum, 25-37 C), but not at 10 or 42 C. Grows at pH 6.0-8.5 (optimum, pH 7.0) and with 0-3 % (w/v) NaCl (optimum, 1-2 %), but not in the presence of 4 % NaCl. Positive for catalase and oxidase. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. In API 20NE tests, positive for arginine 
Flavobacterium aquaticum JC164 T (HE995762)
Flavobacterium cucumis R2A45-3 T (EF126993)
Flavobacterium cheniae NJ-26 T (EF407880)
Flavobacterium ahnfeltiae 10Alg 130 T (KC247342)
Flavobacterium jumunjinense HME7102 T (JF317279)
Flavobacterium indicum GPTSA100-9 T (HE774682)
Flavobacterium urocaniciphilum YIT 12746 T (AB795015)
Flavobacterium haoranii LQY-7 T (GQ988780)
Flavobacterium luticocti xz20 T (KU746271)
Flavobacterium dongtanense LW30 T (GU073293)
Flavobacterium terrae R2A1-13 T (EF117329)
Flavobacterium limnosediminis JC2902 T (AVGG01000026)
Flavobacterium cauense R2A-7 T (AVBI01000023)
Flavobacterium saliperosum S13 T (AVFO01000001)
Flavobacterium rakeshii FCS-5 T (JF830803)
Myroides odoratus dihydrolase, b-glucosidase (aesculin hydrolysis) and gelatin hydrolysis, but negative for b-galactosidase, D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid, reduction of nitrate to nitrite, denitrification, indole production, D-glucose fermentation and urease. Negative results in all API 50CH tests. The major respiratory quinone is MK-6. The major polar lipid is phosphatidylethanolamine. The major fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G and summed feature 9 (iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl).
The type strain, xz20
T (=CCTCC AB 2015421 T =JCM 31174 T ), was isolated from a municipal wastewater treatment plant in Xuzhou, Jiangsu, China. The DNA G+C content of the type strain is 32.9 mol%. 
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